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(54) Metallization in semiconductor devices 

(57) A meahod for forming a plurality of electrically 
conductive wires on a substrate. The method includes 
forming a relatively non-planar metal layer over a sur- 
face of the substrate. A setf-ptanarizing material is 
deposited over the metal layer. The self-plananzing 
material forms a planarization layer over the surface of 
the metal layer. The planarization layer has a surface 
relatively planar compared to the relatively non-planar 
metal layer. A photoresist layer is deposited over the 
surface of the planarization layer. The photoresist layer 
is patterned with a plurality of grooves to form a mask 
with such grooves exposing underling portions of the 
planarization layer. The photoresist mask is used as a 
mask to etch pjooves in the exposed portions of the 
planarization layer and thereby form a second mask. 
The second mask exposes underling portions of the rel- 
atively non-planar metal layer. The second mask is used 
to etch grooves in the relatively non-planar conductive 
metal layer and thereby form the plurality of electrically 
conductive Wires in the metal layer. The wires are sepa- 
rated from earti other by the grooves formed in the rel- 
atively non-ptenar metal layer. The planarization layer is 
formed by a spinning-on an organic polymer, for exam- 
ple an organic polymer having silicon, or a flowable 
oxide, or a hydrogertsilsequioxane, or o5 vinyl-si iaxane- 
benzocydobUene. The metal layer is etched using 
reactive ion etching. The planarization layer is removed 
using a wet dhemical etch. 
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Description 

Rfl Ckgroun^ nf the Invention 

This invention relates generally to metatization in t 
semiconductor devices and. more particularly, to pat- 
terning a metal layer into a plurality of electrically con- 
ductive wires on an integrated circuit substrate. 

As is known in art, in modern integrated circuit met- 
al ization processing, electrically conductive wires are 
formed over an integrated circuit substrate using photo- 
lithographic-chemical etching processes. In such proc- 
ess, a photoresist layer is deposited over the surface of 
a metal layer into which the conductive wires are to be 
formed. A mask having the desired pattern for the con- 
ductive wires placed over the photoresist layer. Light is 
projected onto the mask, such light passing through 
openings therein onto exposed portions of the photore- 
sist layer. The photoresist layer is then developed with 
the light exposed regions thereof being removed. The 
patterned photoresist layer is used as an etching mask 
to etch away portions of the metal layer exposed by the 
developed photoresist mask. Thus, the patterned pho- 
toresist layer is transferred to the metal layer to thereby 
pattern the metal layer into the electrically conductive 

In forming conductive wires with widths in the order 
of one-quarter micron, it is necessary that the photore- 
sist layer have an extremely high degree of planarity. 
However, when the metal layer is formed it has a non- 
planar surface because of the underlying surface is 
non-planar. Thus, if the photoresist layer is deposited 
onto the metalization layer, the photoresist layer being 
generally a non-conformal layer, will have a non-uniform 
thickness. One technique used to obtain a uniform thick- 
ness for the photoresist layer is planarizing the underly- 
ing surface upon which the metal layer is deposited 
using chemical mechanical polishing (CMP) tech- 
niques. Such CMP techniques, however, are relatively 
expensive. 

Nummary of the Invention 

In accordance with the present invention, a method 
is provided for forming a plurality of electrically conduc- 
tive wires on a substrate. The method includes forming 
a relatively non-planar metal layer over a surface of the 
substrate. A seH-planarizing material is deposited over 
the metal layer. The serf-ptenarizing material forms a 
planarization layer over the surface of the metal layer. 
The planarization layer has a surface relatively planar 
compared to the relatively non-planar metal layer. A 
photoresist layer is deposited over the surface of the 
planarization layer. The photoresist layer has a planar 
surface and is patterned with a plurality of grooves to 
form a mask. The grooves expose underling portions of 
the planarization layer. The photoresist mask is used as 
a mask to etch grooves in the exposed portions of the 


planarization layer. The etched planarization layer forms 
a second mask. The second mask exposes underling 
portions of the relatively non-planar metal layer. The 
second mask is used to etch grooves in the relatively 

; non-planar metal layer and thereby form the plurality of 
electrically conductive wires in the metal layer. The 
wires are separated from each other by the grooves 
formed in the relatively non-planar metal layer. 

In accordance with another feature of the invention, 

to the step of forming the planarization layer comprises the 
step of spinning on the seH -planarizing material. 

In accordance with another feature of the invention, 
the spinning step comprises the step of spinning on an 
organic polymer, for example an organic polymer having 

is silicon, or a flowabte oxide, or a hydrogensilsequioxane. 
or divinyl-siloxane-benzocyclobutene. 

In accordance with still another feature of the inven- 
tion, the step of etching the metal layer comprises the 
step of using reactive ion etching. 

20 

Rrigrf nft gcription of the Drawing 

Other features of the invention, as well as the inven- 
tion itself, will become more readily apparent from the 
25 following detailed description read together with the 
accompanying drawings, in which; 

FIGS. 1-6 are cross-sectional ^grammatically 
sketches, showing a substrate having a plurality of elec- 
trically conductive wires formed thereon at various 
30 steps in the fabrication thereof in accordance with the 
invention; FIG. 2A being a cross-sectional diagrammat- 
ically sketch of the substrate at a step in the fabrication 
thereof in accordance the invention. 

35 PfttrPl** nescriotion 

Referring now to FIG. 1 , a semiconductor substrate 
10 comprising, for example, sificon is provided. It is 
noted that the upper surface 12 of substrate 10 is rela- 

40 tively non-planar. Such non-planarity would typically be 
the result of formation of various elements or structures 
in the substrate 10. For example, the upper surface 12 
of substrate 10 may be an electrically insulating layer 13 
of silicon dioxide which was formed over gates and elec- 

45 trade contact regions (not shown) formed in an epitaxial 
layer of the sificon substrate 10. 

A metal layer 14 is next formed over the substrate 
1 o. more particularly on the upper, relatively non-planar 
surface 12 (i.e.. on the electrically insulating layer 13) of 

so the substrate 10, as shown in FIG. 1. Here, the metal 
layer 14 is a composite layer made up of a lower, rela- 
tively thin layer of titaniurn/btanium nitride, an intermedi- 
ate, relative thick layer of sputtered aluminum; and an 
upper, thin anti-reflective coating (ARC) layer of tita- 

55 nium/titanium nitride, in any event the deposition/sput- 
tering processes used to form the metal layer 1 4 results 
in a conformal deposition. Thus, metal layer 14 has a 
uniform thickness so that its upper surface 15 is rela- 
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t ; lively non-planar and conforms to the non-pfanar topog- 

raphy of the upper, non-planar surface 12 of ne 
substrate 10, as shown in FIG. 1 . 

Next, referring to FIG. 2, a planarization layer 16 is 
formed over the surface 15 of the metal layer 14. In 
accordance with the invention, the plan ariza tion layer 
16 is formed as a non-conformal layer. That is, tie 
planarization layer 16 is formed with an upper surface 
1 8 which is substantially planar, as shown, comparec to 
the relatively non-planar surface portions i5a, 15b, tor 
example of the surface 15 metal layer 14. 

In one embodiment, a self-planariang material s 
deposited on the metal layer 1 4 to form the pJanariza- 
tion layer 16. The planarization layer 16. for example, 
comprises spun-on silicon oxide glass (SOG)l Other 
materials which may be used for spin ni rrg-on planariza- 
tion layer 16 include: a flowable oxide such as hycrc- 
gensitsequioxane glass manufactured and soJd by Dcw- 
Corning as FOx-15; a silicon-containing, organic pory- 
mer; or dMnyl-silcaane-benzocyctobutena Spinning on 
such material results in a self-ptananzed layer 16. After 
being spun-on and after allowing the material to fbw 
and thereby setf-planarize, it is baked at about 150*Cto 
350°C for about one minute to remove any remain'ng 
solvent and allow reflow. The resulting planarizaton 
layer 16 (FIG. 2) is relatively hard. The planarizEton 
layer is sufficiently thick such that its upper surface 1 9 is 
planar after being ref lowed. Typically, the thictoess of 
the planarization layer is of no more than 300A to 
2000A. 

Alternatively, the planarization layer 16 corrprises, 
fa example, a composite layer as shown in Hg_ 2A. As 
shown, the composite planarization layer 16 includes a 
spun-on silicon dioxide glass as a bottom portion 16a 
and a cap or upper layer 16b formed thereon. The cap 
layer comprises a dielectric material. The cap layer pro- 
motes adhesion between the photor e sist and ?ie 
planarizing layer. In one emboc5ment the cap layer 15b 
comprises silicon dioxide formed by. for example, 
plasma enhanced chemically vapor depo si ted (?E 
CVD). The silicon oxide is deposited by PE CVD a: a 
temperature of about 400°C or less and has a thickness 
sufficient to promote adhesion between the photoresist 
and the planarizing material. In one embocfirnent, the 
thickness of the cap layer is about 300-5O0A, pre fe rably 
about 400-500A, even more preferably about 50oA 

Next, a photoresist layer 18 (FIG. 3) is spun on the 
planar surface 19 of the planarizalion layer 16 (La, 
either the single planarization layer 16 shown in FIG 2 
or the composite planarization layer 16 shown ri FIG 
2A). A mask (not shown) is used to expose portions of 
the photoresist with an exposure source from, for exam- 
ple, a conventional stepper lithography system. The por- 
tions of the photoresist exposed by the exposure source 
are polymerized. The photoresist layer is then devel- 
oped to remove the exposed or polymerized port io n s , 
creating grooves or slots 20. The unremoved portions of 
the photoresist layer serves as a mask for patterning the 


underlying layers. As shown, the mask is used to pat- 
tern exposed portions 25 of the underlying planarization 
layer 16. The exposed portions 25, for example, corre- 
spond to regions electrically separating the electrically 
5 conductive wires to be patterned into the conductive 
metal layer 14. Alternatively, a negative photoresist 
layer 18 is used. The use of a negative photoresist 
results in the unexposed portions being developed 
away. 

to Referring to Fig. 4, the photoresist mask 28 is used 
to etch the exposed portions of the planarization layer 
within the grooves of the photoresist layer. The exposed 
portions are etched antsotropically by. for example, 
reactive ion etching (R1E). The planarization layer is RIE 

75 selective to the metal layer. That is, the planarization 
layer 16 etches at a higher rate than the metal layer 14. 
As such, the metal layer 14 serves as an etch stop layer 
for the RIE. The RIE exposes portions 26 of the metal 
layer 1 4. In one embodiment the planarization layer is 

20 RIE using a fluorine ion chemistry such as. for example, 
CH* C4F 8 , or CHF 3 . 

Next, using remaining portion of the photoresist 
masking layer 18, and the second mask 28 formed 
within the planarization layer 16. i.a, with the second 

25 mask 28 exposing underling non-planar surface por- 
tions of the metal layer 1 4), the exposed portions of the 
metal layer 14 are etched away using RIE to form the 
plurality of electrically conducive wires 36 over the die- 
lectric layer 13, as shown in FIG. 4. (It is noted that the 

30 wires 36 run perpendicular to the plane of FIG. 4). In an 
exemplary embodiment, the RIE is performed using a 
chloride ion chemistry. 

That is, using the second mask 28 (FIGS. 4 and 5) 
formed in the planarization layer 16, grooves 38 are 

35 etched into the relatively non-planar conductive metal 
layer 14 to form the plurality of electrically conductive 
wires 36. The wires 36 are electrically separated by the 
grooves 32 formed in the relatively non-planar metal 
layer 1 2 and by the dielectric layer 1 3 formed on the sur- 

40 face of the substrate 10, as shown in FIG. 6. Typically, 
the etch is selective to the material underlying the metal 
layer. As such, the underlying layer serves as an etch 
stop. 

Next, the photoresist layer is stripped away. Then, 
45 the planarization layer 14 is removed using, for exam- 
ple, a wet chemistry. In one embodiment, the wet chem- 
istry comprises a highly dilute HF (e.g., 200:1 water to 
HF) or a negative photoresist developer, producing the 
structure shown in FIG. 6. It is noted that if a second 
so metalization layer is to be used, only the photoresist 
layer 18 is removed. Then, a planarized dielectric sur- 
face is deposited over the structure and into the grooves 
28. Such planar dielectric structure may be formed by 
using SOG as in the formation of layer 16 as in FIG. 2. 
55 or forming the composite layer 16 shown in FIG. 2A. 
Alternatively, a layer of silicon dioxide may be deposited 
over the surface of the grooved structure using sub- 
atmospheric chemical vapor deposition (SA CVD) or 
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high density plasma deposition (HDP techniques. Next 
the second metalization layer is deposited over the pat- 
terned pianarization layer 16 (FIG. 5). It is noted that if 
the second metalization layer is not adequately planar, 
the seH-planarizing material (i.e.. layer 16) is spun over 
the surface of the second metalization layer and proc- 
essed, as descrfoed above in connection with FIGS. 4- 
6 above, to provide a second plurality of conductive 
wires. 

While the invention has been particularly shown 
and descrbed with reference to various embodiments, it 
will be recognized by those skilled in the art that modifi- 
cations and changes may be made to the present inven- 
tion without departing from its scope. Merely by way of 
example, the setf-planarizing material may be formed 
using a gaseous deposition process with similar flow 
properties as that obtained with the spun on glass mate- 
rial described above instead of using such spin depos- 
ited process. One such material which may be used 
with gaseous deposition is Flowfai material sold by PMT- 
Bectrotech, Chatsworth, CA. The scope of the inven- 
tion should therefore be determined not with reference 
to the above description but with reference to the 
appended claims along with their full scope of equiva- 
lents. 

Claims 

1 . A method for forming a plurality of electrically con- 
ductive wires on a substrate, comprising the steps 
of: 

forming a relatively non-planar metal layer over 
a surface of the substrate; 
depositing a seff-planarizing material over the 
surface of the metal layer to form a pianariza- 
tion layer having a surface relatively planar 
compared to the relatively non-planar metal 
layer; 

depositing a photoresist layer over the surface 
of the pianarization layer; 
patterning the photoresist layer, the patterned 
photoresist layer forming a mask to selectively 
expose portions of the pianarization layer; 
etching grooves into the exposed portions of 
the pianarization layer and portions of the non- 
planar metal layer underneath the exposed 
portions of the pianarization layer to form the 
plurality of electrically conductive wires, 
wherein the wires are separated by the 
grooves. 

2. The method recited in claim 1 wherein the step of 
forming the pianarization layer comprises the step 
of spinning on the seff-planarizing material. 

3. The method recited in claim 1 wherein the step of 
forming the pianarization layer comprises the step 


of gaseous depositing the setf-planarizing material. 

4. The method recited in claims 2 or 3 wherein th 
step of forming the pianarization layer includes the 

5 step of depositing a dielectric layer over the self- 
planarizing material. 

5. The method recited in claim 2 wherein the spinning 
step comprises the 6tep of spinning on an organic 

io polymer having silicon. 

6. The method recited in claim 2 wherein the spinning 
step comprises the step of spinning on an oxide. 

75 7. The method recited in claim 2 wherein the spinning 
step comprises the step of spinning on hydrogen- 
si tsequioxane. 

8. The method recited in claim 2 wherein the spinning 
20 step comprises the 6tep of spinning on divinyl- 

sitoxane-benzocyclobutene. 

9. The method recited in claims 1 , 2, 3, 4, 5, 6, 7, or 8 
wherein the step of etching the metal layer com- 

2$ prises the step of using a reactive ion etching. 

10. The method recited in claim 9 including the step of 
removing pianarization layer of the metal etching 
step. 

30 

11. The method recited in claim 10 wherein the step of 
removing the pianarization layer comprises the step 
subjecting such pianarization layer to a wet chemi- 
cal etch. 

35 

12. A method for forming a plurality of electrically con- 
ductive wires on a substrate, comprising the steps 
of: 

40 forming a metal layer over a relatively non-sur- 

face of the substrate, such metal having rela- 
tively non-planar surface portions; 
depositing a pianarization layer over the sur- 
face of the metal layer, such pianarization layer 

45 having a relatively planar surface compared to 

the relatively surface portions of the metal 
layer; 

depositing a photoresist layer over the surface 
of the pianarization layer; 
so patterning the photoresist layer with a plurality 

of grooves to form a mask with such grooves 
exposing underling portions of the pianariza- 
tion layer; 

using the photoresist mask, etching grooves in 
55 the exposed portions of the pianarization layer 

to form a second mask exposing underling 
non-planar surface portions of the metal layer; 
and 
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using the mask formed in the planarization 
teyer, etching grooves in the relatively non-pla- 
nar metal layer to torm the plurality of electri- 
cally conductive wires, such wires being 
separated by the grooves formed in the rela- 5 
fvely non-planar metaJ layer. 

13. The method recfted in daim 12 wherein the step erf 
farming the planarization layer comprises the step 

3f spinning on the seK-planarizing material « 

14. The method recited in claim 12 wherein the step oi 
torrrang the planarization layer comprises the step 
c* gaseous depositing the seH-planarizing material 

75 

15. The method recited in claim 13 wherein the spin- 
ning step comprises the step of depositing a dielec- 
tric fcayer on the seH-planarizing material. 

16. The method recited in claim 13 wherein the spin- 20 
nirtg step comprises the step of spinning on an 
or ganic polymer having si icon. 

17. The method recited in claim 13 wherein the spin- 
ning step comprises the step of spinning on an 25 
awte. 

18. The method recited in claim 13 wherein the spin- 
ning step comprises the step of spinning on a 
hydrogensilsequioxana 30 

19. The method recited in daim 13 wherein the spin- 
rang step comprises the step of spinning on tfvinyf- 
stacane-benzocycJcoutene. 

35 

2a The method recited in claims 12. 13. 14. 15. 16. 17. 
1 8, or 1 9 wherein the step of etching the metal layer 
comprises the step of using a reactive ion etching. 

21. The method recited in claim 20 including the step of *o 
removing planarization layer of the metal etching 
step. 

22. The method recited in daim 21 wherein the step of 
removing the planarizaticn layer comprises the step *s 
subjecting such planarization layer to a wet crierni- 
cafletch. 
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